Introduction
Russell and Burch described refinement as: "any decrease in the incidence or severity of inhumane procedures applied to those animals which still have to be used [in experiments]". 1 The term has since been developed to include the positive concept of improving welfare, as well as reducing suffering, and to encompass the full lifetime experience of the animals, not just scientific procedures. For example, in addition to more-obvious refinements such as the application of humane endpoints and better prevention and alleviation of pain, other potential sources of suffering where refinement can be applied, encompass: source and supply, including the capture of wild animals; transport and acclimatisation; housing, husbandry and care; identification and restraint; and the practical aspects of procedures. The eventual fate of the animal should also be considered, to ensure the most humane method of euthanasia, and whether there is any opportunity for re-homing.
The Easiest 'R' to Implement?
Of all of the Three Rs, refinement should be the easiest to implement with immediate effect in any area of animal use, provided that the concept is understood. Since Russell and Burch laid out the principles of humane research fifty years ago, 1 there have undoubtedly been great developments in the application of refinement. For example, I suspect it would be rare to find an establishment in the UK where refinement of animal housing in the form of environmental enrichment is not firmly on the agenda. However, I also suspect that there are few projects where other experimental aspects could not be further refined, for example, by sampling smaller blood volumes, improving pain management regimes, using more-humane endpoints, or reviewing and improving welfare assessments.
Over the years, the need for a more challenging approach to refinement has been advocated in many laboratory animal science and welfare forums. One particularly useful 'benchmarking' report, Advancing Refinement of Laboratory Animal Use, was published just over 10 years ago by the Boyd Group. 2 This took a critical look at problems with the implementation of refinement, and made a series of recommendations intended to help to accelerate progress. The authors and other Boyd Group members came from industry, academia, funding bodies, and animal welfare organisations. They had considerable refinement experience, and had been working in the field for many years, so the points the report made were an accurate reflection of the situation at the time. Indeed, they have subsequently been echoed in reports by, for example, the House of Lords in 2002, 3 and the Nuffield Council on Bioethics in 2005. 4 Refinement (and, in fact, all the Three Rs) are now commonly used to support the argument within the animal experimentation debate that 'scientific research is carried out in the most humane way possible, that there is no unnecessary suffering, and that animals have the highest possible standards of care'. If this really were the case, then one would expect that the problems identified by the Boyd Group and others would have been solved and their recommendations would have been fully implemented. However, a brief review of the Boyd Group report over 10 years on, shows that this is not the case and that there is clearly a very long way to go.
Key Issues in 1998
The Boyd Group drew attention to the fact that commitment to refinement varied between individuals, establishments and scientific disciplines. The main factors contributing to this were: -lack of awareness of the need for refinement (and an understanding of what it is and why it is important);
-difficulty in finding information on refinement;
-lack of funding for research into refinement; and -uncertainty about where responsibility for implementing refinement lies.
The original recommendations focused on the need for:
a) better training in refinement, for undergraduates through to working scientists and animal care staff; b) explicit questions on refinement in research protocols/projects submitted for review (includ-ATLA 37, 149-153, 2009 149 Editorial Refinement: A Sense of Progress ing those seeking authorisation at a local/ national/international level); c) commitment to refinement (in statements and with dedicated funding) from funding agencies; d) the establishment of refinement databases; e) the publication of more refinement papers and guidelines in scientific discipline-related journals, as well as in those relating to laboratory animal science, together with more-detailed reporting requirements with regard to refinement in scientific journals; f) more scientific publications emphasising that inadequate refinements and poor welfare adversely affect scientific results; and g) awareness-raising mechanisms within individual establishments; the identification of refinement responsibilities at establishment level; the provision of internal seminars and communication systems; and the provision of local resources.
Where Are We in 2009?
The variation in commitment to the implementation of refinement and all of the general problems listed above, can still be seen today. The issue of responsibility is a particular concern. All too often, it seems that refinement is something 'to be done by someone else'. This partly reflects a lack of understanding of what refinement is and why it is important. Unfortunately, there are still serious misconceptions with regard to its definition. For example, 52% of respondents to a National Centre for the 3Rs (NC3Rs) survey published this year, 5 thought that refinement meant "the refinement of experiments to get more data". Obtaining more data without using more animals is clearly a desirable goal, but it is not what refinement, as defined within the Three Rs concept, is all about. Difficulty in finding information is still a common theme (as is lack of research funding), but there is now a lot more information 'out there', and it is relatively easy to find. Nevertheless, there is often a considerable gap between the existence of knowledge and its practical application. Russell and Burch themselves identified this as a problem in 1959, putting it down to "a sort of inertia, or rigidity, the maintenance of a habit… long after information is available for its correction". 1 This is still an issue in 2009, despite the many publications which describe refinements and their positive impact on animal health and welfare, which is also generally regarded as providing scientific benefits. However, many researchers and some animal tech-nologists do not read the journals that publish this information, or feel that they do not have the time, resources or expertise to search for it and analyse what is most relevant to their work.
So what of the Boyd Group's recommendations? Some progress has been made on most of thesemore for some than for others. Interestingly, when the UK Home Office responded to the Boyd Group report in 1999, the then newly-established local Ethical Review Processes (ERPs) were identified as a vehicle for taking forward many of the issues. The ERP has indeed proved to have great potential for implementing refinement, as well as the other two Rs, and I will return to that later, after briefly considering what has happened with some of the other recommendations.
Some Progress
There have been positive changes with regard to legislative/regulatory guidelines, both in the UK and internationally. In the UK, the project licence application form requires applicants to declare that they "have made all reasonable efforts to minimise the suffering likely to be caused [to animals]", i.e. to implement refinement, and attention is drawn, in several places, to likely adverse effects and what is to be done to reduce them. 6 This is an important provision, in that it should stimulate thought when it is most needed -at an early stage in the project design. EU Directive 86/609 on animal use 7 is currently under revision, and the draft proposal at the time of writing refers explicitly to the Three Rs. Office Internationale d'Epizootics (OIE) guidelines on laboratory animal care and use are also in preparation. These should influence the development of legislation world-wide, and hopefully will re-enforce the importance of the Three Rs. Regulations and guidelines that require animal use, such as the Organisation for Economic Co-operation and Development (OECD) guidelines on chemicals testing, 8 and the Eurpoean Pharmacopoeia guidelines for testing vaccines, now specifically address refinement -for example, by clearly stating the need to use humane endpoints. 9, 10 Increased commitment to refinement by research funders in the UK is another area of progress. In recent years, the Medical Research Council (MRC), the Biotechnology and Biological Sciences Research Council (BBSRC), and the Wellcome Trust have all accepted far greater responsibility for encouraging the implementation of all the Three Rs. The MRC was the first to act, by setting up its Centre for Best Practice in Medical Research in 2001, which, in 2004, was translated into the NC3Rs. All three organisations commit significant financial support to the NC3Rs, and thus contribute to the funding of research into refinement and other Three Rs-related research projects. In addition, in 2008, the key funders, led by the NC3Rs, jointly produced a booklet setting out their expectations with regard to the conduct of the animal research that they fund. 11 This encompasses the need for ethical review and implementation of all the Three Rs, and should be essential reading for everyone applying for grants from these and other funding organisations that have endorsed the booklet. The MRC, the BBSRC and the Wellcome Trust also ask the NC3Rs staff to review grant, fellowship and studentship applications that involve the use of non-human primates, cats, dogs and equines, with respect to the Three Rs and animal welfare issues. The Boyd Group report had recommended involving people with expertise in refinement in the review of grant applications involving animal use.
Ethical issues, animal welfare and the Three Rs, are also now addressed by funders in Europe, where the Commission-funded framework programmes undergo an ethical review by panels of experts from a variety of disciplines and backgrounds, including laboratory science and animal welfare organisations. Applicants do not always cover these points well, but at least the requirement to do so is there as a motivation to consider these issues.
Unfulfilled Opportunities
The Boyd Group report recognised the importance of education and training in developing awareness and understanding of refinement, and recommended that the Three Rs be an integral part of training, starting at the undergraduate and postgraduate levels, and continuing throughout people's careers. Sadly, little progress has been made at an undergraduate level in the biomedical sciences in general. Perhaps the importance of the Three Rs in relation to science, welfare and ethics, for students at this level, is just not recognisedyet these are the scientists of the future. However, courses on 'in vivo skills' are being developed at some universities in conjunction with the major research funders, industry, and professional scientific societies such as the British Pharmacological Society and the Physiological Society. 12 It is not clear exactly what in vivo skills are to be taught in such courses, but surely refinement must be one of the most important and relevant issues, particularly given the well-recognised link between good science and good animal welfare? Since these courses are aimed at those with potentially the most direct impact on laboratory animal suffering in the future, the opportunity to influence their understanding and attitude to all of the Three Rs should not be missed.
More-obvious refinement training opportunities in the UK include: the mandatory training courses for those planning projects and/or carrying out procedures on animals; professional training for animal care staff and veterinarians; and formal and informal continuous professional development (CPD) for all categories of staff. Great strides have been made with regard to formal training and CPD within industry, but elsewhere far too much reliance is placed on mandatory modular training as a perceived means of delivering licensees fully competent in implementing all the Three Rs. However, as the Animal Procedures Committee stated in its 2006 review of modular training, 13 such training can only provide an introduction to animal care and use under the UK Animals (Scientific Procedures) Act 1986 (ASPA). It cannot be expected, within the limited time available, to produce staff fully competent in key areas such as husbandry and care of animals, the conduct of procedures, experimental design, or the application of any 'R'. More-detailed information on training issues and opportunities is provided in this special issue of ATLA. 14 A second area where there has been little progress, is the publication of more information on the Three Rs within scientific papers. The need for this has been argued for some years. 15, 16 Since 2006, the RSPCA has carried out an annual survey of editorial policies with regard to their position on ethical, animal welfare and Three Rs issues, and on the information that each is prepared to publish. 17 Of the 292 journals that responded to the 2008 survey, only six asked that the Three Rs be implemented in research submitted for publication, and a mere three out of 292 required that extra information on the implementation of the Three Rs be included within the manuscript. This is pitifully low -but the situation may be changing. An increasing number of editors responding to the RSPCA work, are showing a keen interest in developing editorial policies to address these issues, which is good news.
Realising the Potential of the ERP
Let us return to the ERP. Although much is said about the need to research, collate and disseminate information on refinement, what is even more important is the creation of a culture where its implementation is the 'norm'. The local ERP (or its equivalent in other countries) is well placed to do this, as it provides a focal point for efforts to address the Three Rs, animal welfare, and ethical issues. It can mobilise institutional expertise and resources, and drive and co-ordinate the various local systems and processes needed to ensure good animal welfare and sound, humane science.
ERPs were not a formal requirement in the UK when the Boyd Group was preparing its report. Nevertheless, the importance of individual establishments in raising awareness of refinement, disseminating information, setting up refinement databases, defining responsibilities and providing resources for refinement, was already recognised, and had been set out in an earlier report by the RSPCA. 18 These types of roles and responsibilities were subsequently advocated in the aims and functions of the ERP set out by the Home Office in 1998. 19 Thus, one aim of the ERPs is "…to develop initiatives leading to the widest possible application of the Three Rs", and the first of its seven core functions specifically refers to "promoting the development and uptake of reduction, replacement and refinement alternatives (the Three Rs) in animal use, where they exist, and ensuring the availability of relevant sources of information". 20 The other six functions cover: prospective and retrospective project review; provision of a forum for discussion and keeping staff up to date with relevant issues; husbandry and care, and euthanasia; review of managerial systems, procedures and protocols where these relate to the use of animals; and training and competence. All of these also have a bearing on refinement.
ERPs vary in how they interpret and approach their functions, and in the thoroughness with which they address refinement and Three Rs issues generally. Many ERPs focus most of their attention on project review, and this clearly provides an ideal opportunity to use local expertise to build refinement into a project prospectively. Retro spective review then allows information gained once the project is 'up and running' to be fed back into the project or disseminated more widely to relevant audiences. 21 However, there are some excellent examples of good practice in the way that refinement and the Three Rs are dealt with by ERPs outside project review, and some of these are listed below. They are taken from a variety of sources, including the RSPCA Lay Members Forum and an ongoing RSPCA/LASA project, which aims to develop some easily-accessible, concise guidelines to help in the interpretation of the aims and functions of ERPs. These examples will be expanded in a revised edition 22 of the RSPCA Lay Members Handbook 23 and the RSPCA/LASA guidelines, both of which are due to be published later this year.
Examples of Refinement-related
Activities within ERPs -Development of an intranet web-site, special library collections of papers and/or organisation of regular mailings of information on the Three Rs, ethical issues, good practice, legislation and guidelines, and other relevant aspects, for both scientists and animal care staff.
-Provision/co-ordination of on-going advice for researchers on the above issues, e.g. from ani-mal care and veterinary staff, statisticians and other scientists within or outside the establishment.
-Organisation of seminars or similar events on the Three Rs, open to all relevant staff.
-Provision/co-ordination of training for researchers on searching for information relevant to the Three Rs, e.g. in specific subject areas.
-Encouragement and support for researchers in applying for grants for projects which aim to develop methods that better implement the Three Rs.
-Advertising relevant meetings and conferences to scientists and animal care staff, and encouraging and supporting their attendance.
-Surveying project licence holders annually, to ask for examples of Three Rs developments during the year, which can then be implemented more widely.
-The award of a refinement prize for the best advance in any given year.
These types of activities can be co-ordinated by the full ERP, or devolved to one or more sub-committees or individuals.
In Conclusion
There has been good progress with refinement in recent years in the UK, and reports such as that of the Boyd Group provide useful benchmarks to monitor what has been achieved. However, much still needs to be done, and the two activities which I believe are most important and where most gains could be made, are education/training and the operation of the ERP. Firstly, education and training for all staff at all stages in their careers is important, but is particularly so early on, for example, at undergraduate level or when people first enter a research environment. This would ensure a firm foundation for understanding both the principle of refinement and its importance (from animal welfare, ethical and scientific perspectives), which could then be built upon with appropriate CPD. Secondly, the ERP has brought considerable benefit with respect to the implementation of all the Three Rs. If the good practice which is seen in some establishments could be developed more widely and consistently, then more-rapid progress could be achieved over the next ten years. Arguments that 'there is no unnecessary suffering' might then become more believable.
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